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STATISTICS 
SECTION II 
Part A 
Questions 1-5 
Spend about 65 minutes on this part of the exam. 
Percent of Section II grade—75 


Directions: Show all your work. Indicate clearly the methods you use, because you will be graded on the 
correctness of your methods as well as on the accuracy of your results and explanation. 


1, The graph below displays the scores of 32 students on a recent exam. Scores on this exam ranged from 
64 to 95 points. 
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(a) Describe the shape of this distribution. Row 
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(b) In order to motivate her students, the instructor of the class wants to report that, overall, the class’s 
performance on the exam was high. Which summary statistic, the mean or the median, should the instructor 
use to report that overall exam performance was high? Explain. 
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maximum + minimum 


5 . Compute this value using the data on the 


(c) The midrange is defined as 
preceding page. 


Is the midrange considered a measure of center or a measure of spread? Explain. 
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STATISTICS 
SECTION II 
Part A 
Questions 1-5 
Spend about 65 minutes on this part of the exam. 
Percent of Section II grade—75 


Directions: Show ali your work. Indicate clearly the methods you use, because you will be graded on the 
correctness of your methods as well as on the accuracy of your results and explanation. 


1. The graph below displays the scores of 32 students on a recent exam. Scores on this exam ranged from 
64 to 95 points. 
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(a) Describe the shape of this distribution. 
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(b) In order to motivate her students, the instructor of the class wants to report that, overall, the class’s 
performance on the exam was high. Which summary statistic, the mean or the median, should the instructor 
use to report that overall exam performance was high? Explain. 
The mectorm ceeause THIS 15 THE Wehey value 
ance. Fre Aish e“nMmoem S\Ceawedl Oo Ahe, 


eke the few lor Naltves, effects the 





MEAN, TINS BAS RE ogee. CCAR CQL 


the mechan te be. av e@ntev yrat Foe Mar 


wa AR OS TU OT. 


GO ON TO THE NEXT PAGE. 
‘=6- 


Copyright © 2005 by College Board. All rights reserved. 
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents). 


maximum + minimum 
———_—__—-—., Compute this value using the data on the 
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Is the midrange considered a measure of center or a measure of spread? Explain. 
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STATISTICS 
SECTION I 
Part A 
Questions 1-5 


Spend about 65 minutes on this part of the exam. 
Percent of Section II grade—75 


Directions: Show all your work. Indicate clearly the methods you use, because you will be graded on the 
correctness of your methods as well as on the accuracy of your results and explanation. 


1. The graph below displays the scores of 32 students on a recent exam. Scores on this exam ranged from 
64 to 95 points. 
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(a) Describe the shape of this distribution. 
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(b) In order to motivate her students, the instructor of the class wants to report that, overall, the class’s 
performance on the exam was high. Which summary statistic, the mean or the median, should the instructor 
use to report that overall exam performance was high? Explain. 
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(c) The midrange is defined as 5 


. Compute this value using the data on the 


preceding page. 
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Is the midrange considered a measure of center or a measure of spread? Explain. 
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2. A 


. For an upcoming concert, each customer may purchase up to 3 child tickets and 3 adult tickets. Let C be the 
number of child tickets purchased by a single customer. The probability distribution of the number of child 
tickets purchased by a single customer is given in the table below. 
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(a) Compute the mean and the standard deviation of C. 
mean =f Z7p.c) = (oxo.4) + C[X03) + (2x0. 2)FC3X0.\) 
‘ 2 2 2 
Variarce = (0-1) xo.4 + ((-)) x0.3 4 (2-1)*xa2 + C3-!)) xo.| 


Standard deviation = \| varianle = \ t= ( 
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(b) Suppose the mean and the standard deviation for the number of adult tickets purchased by a single customer 
are 2 and 1.2, respectively. Assume that the numbers of child tickets and adult tickets purchased are 
independent random variables. Compute the mean and the standard deviation of the total number of adult 
and child tickets purchased by a single customer. 
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DP 


(c) Suppose each child ticket costs $15 and each adult ticket costs $25. Compute the mean and the standard 
deviation of the total amount spent per purchase. 
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2. For an upcoming concert, each customer may purchase up to 3 child tickets and 3 adult tickets. Let C be the 


number of child tickets purchased by a single customer. The probability distribution of the number of child 
tickets purchased by a single customer is given in the table below. 
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(a) Compute the mean and the standard deviation of C. 
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(b) Suppose the mean and the standard deviation for the number of adult tickets purchased by a single customer 
are 2 and 1.2, respectively. Assume that the numbers of child tickets and adult tickets purchased are 


independent random variables. Compute the mean and the standard deviation of the total number of adult 
and child tickets purchased by a single customer. 


Mata = MWeort+Ha ; 
Mera =\l+ 2.=%3 


U c+a = Tri 4H4=97 44. 


Tesa=N74Y4 = 


- OG GO ON TO THE NEXT PAGE. 


Copyright © 2005 by College Board. All rights reserved. 
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents) 


2.6 


(c) Suppose each child ticket costs $15 and each adult ticket costs $25. Compute the mean and the standard 
deviation of the total amount spent per purchase. 


uean # child Tickervs = 21 
uean Hof adult tickets = 72 


IS + 2(25) = GS 





mean amount spent per pemnase= Ge 


oof chia fictes= 4 
* OT O.COM a. cee Ts pe \. led Lf 





1S + 1,44(25) = 
JS) = 7.14 


standard deviation of total amount 
spent per purchase = 7,14 it 


GO ON TO THE NEXT PAGE. 
-9- 


Copyr saat by College Board. All rights reserved. 
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.c oa ids nts (for students and parents). 


Ae 


2. For an upcoming concert, each customer may purchase up to 3 child tickets and 3 adult tickets. Let C be the 
number of child tickets purchased by a single customer. The probability Bearauon of the number of child 
tickets purchased by a single customer is given in the table below. 
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(a) Compute the mean and the standard deviation of C. 
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(b) Suppose the mean and the standard deviation for the number of adult tickets purchased by a single customer 
are 2 and 1.2, respectively. Assume that the numbers of child tickets and adult tickets purchased are 
independent random variables. Compute the mean and the standard deviation of the total number of adult 
and child tickets purchased by a single customer. 
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(c) Suppose each child ticket costs $15 and each adult ticket costs $25. Compute the mean and the standard 
deviation of the total amount spent per purchase. 
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3. In search of a mosquito repellent that is safer than the ones that are currently on the market, scientists have 
developed a new compound that is rated as less toxic than the current compound, thus making a repellent that 
contains this new compound safer for human use. Scientists also believe that a repellent containing the new 
compound will be more effective than the ones that contain the current compound. To test the effectiveness 
of the new compound versus that of the current compound, scientists have randomly selected 100 people from 
a state. 


Up to 100 bins, with an equal number of mosquitoes in each bin, are available for use in the study. After 
a compound is applied to a participant’s forearm, the participant will insert his or her forearm into a bin 
for 1 minute, and the number of mosquito bites on the arm at the end of that time will be determined. 


(a) Suppose this study is to be conducted using a completely randomized design. Describe a randomization 
process and identify an inference procedure for the study. 
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(b) Suppose this study is to be conducted using a matched-pairs design. Describe a randomization process and 
identify an inference procedure for the study. 
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(c) Which of the designs, the one in part (a) or the one in part (b), is better for testing the effectiveness of the 
new compound versus that of the current compound? Justify your answer. 
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3. In search of a mosquito repellent that is safer than the ones that are currently on the market, scientists have 
developed a new compound that is rated as less toxic than the current compound, thus making a repellent that 
contains this new compound safer for human use. Scientists also believe that a repellent containing the new 
compound will be more effective than the ones that contain the current compound. To test the effectiveness 


of the new compound versus that of the current compound, scientists have randomly selected 100 people from 
a state. | 


Up to 100 bins, with an equal number of mosquitoes in each bin, are available for use in the study. After 
a compound is applied to a participant’s forearm, the participant will insert his or her forearm into a bin 
for 1 minute, and the number of mosquito bites on the arm at the end of that time will be determined. 


(a) Suppose this study is to be conducted using a completely randomized design. Describe a randomization 
process and identify an inference procedure for the study. 
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(b) Suppose this study is to be conducted using a matched-pairs design. Describe a randomization process and 
identify an inference procedure for the study. 
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(c) Which of the designs, the one in part (a) or the one in part (b), is better for testing the effectiveness of the 
new compound versus that of the current compound? Justify your answer. 
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3. In search of a mosquito repellent that is safer than the ones that are currently on the market, scientists have 
developed a new compound that is rated as less toxic than the current compound, thus making a repellent that 
contains this new compound safer for human use. Scientists also believe that a repellent containing the new 
compound will be more effective than the ones that contain the current compound. To test the effectiveness 


of the new compound versus that of the current compound, scientists have randomly selected 100 people from 
a State. 


Up to 100 bins, with an equal number of mosquitoes in each bin, are available for use in the study. After 
a compound is applied to a participant’s forearm, the participant will insert his or her forearm into a bin 
for 1 minute, and the number of mosquito bites on the arm at the end of that time will be determined. 


(a) Suppose this study is to be conducted using a completely randomized design. Describe a randomization 
process and identify an inference procedure for the study. 
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(b) Suppose this study is to be conducted using a matched-pairs design. Describe a randomization process and 
identify an inference procedure for the study. 
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(c) Which of the designs, the one in part (a) or the one in part (b), is better for testing the effectiveness of the 
new compound versus that of the current compound? Justify your answer 
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4. A researcher believes that treating seeds with certain additives before planting can enhance the growth of plants. 
An experiment to investigate this is conducted in a greenhouse. From a large number of Roma tomato seeds, 
24 seeds are randomly chosen and 2 are assigned to each of 12 containers. One of the 2 seeds 1s randomly 
selected and treated with the additive. The other seed serves as a control. Both seeds are then planted in the same 
container. The growth, in centimeters, of each of the 24 plants is measured after 30 days. ‘These data were used 
to generate the partial computer output shown below. Graphical displays indicate that the assumption of 
normality is not unreasonable. | | 


Control 


Treatment 
Difference 





(a) Construct a confidence interval for the mean difference in growth, in centimeters, of the plants from the 
untreated and treated seeds. Be sure to interpret this interval. 
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4A 


(b) Based only on the confidence interval in part (a), is there sufficient evidence to conclude that there is a 
significant mean difference in growth of the plants from untreated seeds and the plants from treated seeds? 


Justify your conclusion. 


es, Faseck ola On the con@chance Tread 7 
apa (A), tere % SsUCTBent evwcdoante to 


cConciude’ trot t+necre 7S a STaNR@cant Mean 
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Ke ated scod?. 
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Mean d?Cerence , P Here Ts ast Q Steyr Rcan 
Ho * Ma =O > Cohen aw 1S the SOS norerte. 


Ha: Ma FO 
even — 
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Oro Fe confidlanca , (Gece the He. and concladie 


TNF {Ore S a Stqni@econs MQON QHOSth, 


GO ON TO THE NEXT PAGE. 
-13- 


Copyright © 2005 by College Board. All rights reserved. 
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents) 


? A researcher believes that treating seeds with certain additives before planting can enhance the growth of plants. 
An experiment to investigate this is conducted in a greenhouse. From a large number of Roma tomato seeds, ~~ 
24 seeds are randomly chasen and 2 are assigned to each of 12 containers. One of the 2 seeds is randomly 
selected and seated with the additive. The other seed serves as a control. Both seeds are then planted in the same 
container. The growth, in centimeters, of each of the 24 plants is measured after 30 days. These data were used 
to generate the partial computer output shown below. Graphical displays indicate that the assumption of 
normality is not unreasonable. 
nn aeennaaenmmemenacmanmmnnanaama a 


Control 


Treatment 
Difference 





(a) Construct a confidence interval for the mean difference in growth, in centimeters, of the plants from the 
untreated and treated seeds. Be sure to interpret this interval. 
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G) Require mens > 
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46 


(b) Based only on the confidence interval in part (a), is there sufficient evidence to conclude that there is a 
significant mean difference in growth of the plants from untreated seeds and the plants from treated seeds? 
Justify your conclusion. 
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ae. 


4. A researcher believes that treating seeds with certain additives before planting can enhance the growth of plants. 

An experiment to investigate this is conducted in a greenhouse. From a large number of Roma tomato seeds, 

24 seeds are randomly chosen and 2 are assigned to each of 12 containers. One of the 2 seeds is randomly 
selected and treated with the additive. The other seed serves as a control. Both seeds are then planted in the same 
container. The growth, in centimeters, of each of the 24 plants is measured after 30 days. These data were used 
to generate the partial computer output shown below. Graphical displays indicate that the assumption of 


normality is not unreasonable. 





N Mean 
Control | 15.989 


Treatment | 12 18.004 
Difference a ae = 2.015 





(a) Construct a confidence interval for the mean difference in growth, in centimeters, of the plants aon the 
ee UMEIVG Ouirerence. 
untreated and treated seeds. Be sure to interpret this interval 
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YO. 


(b) Based only on the confidence interval in part (a), is there sufficient evidence to conclude that there is a 
significant mean difference in growth of the plants from untreated seeds and the plants from treated seeds? 
Justify your conclusion. 


Yes bétauser o js jot Inclvded IA the interval, 
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SA 


5. John believes that as he increases his walking speed, his pulse rate will increase. He wants to model this 
relationship. John records his pulse rate, in beats per minute (bpm), while walking at each of seven different 


speeds, in miles per hour (mph). A scatterplot and regression output are shown below. 


Pulse 





0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 
Speed 


Regression Analysis: Pulse Versus Speed 


Coef SE Coef T 
63.457 2.387 26.58 
16.2809 0.8192 19.88 


R-Sq = 98.7% R-Sq (adj) = 98.5% 


SS MS F 

3703-2 3763.2 396.13 
47.6 9.5 

3810.9 





(a) Using the — output, write the equation of the fitted regression line. 


4 = esimeaded Puise Oo, Coen) 
x= Walking speed Cmen) 
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SA 


(b) Do your estimates of the slope and intercept parameters have meaningful interpretations in the context 
of this question? If so, provide interpretations in this context. If not, explain why not. 


Yes | 4iney go nave CAM NEFul IWereefatrons. IO +e Conkst- 
The tnteter— paamer 15 03,457 bem, volich 
7s When Walking Sspeed= ©. HS shouss thar 
ME TESHNQ pulse Tate Would ke expecded tobe 
Close to 63.454 bpm. The sope parameter % 
Io. XS OA) Which Means that for evar, Prcrease 
Tn the uaiktng speed by the Thcemant of Imehs 
the PUbe YO % expectecO to Te by |e. agog bem. 


(c) John wants to provide a 98 percent confidence interval for the slope parameter in his final report. 
Compute the margin of error that John should use. Assume that conditions for inference are satisfied. 


MOFin of extor= &° Se 
S= ,-2IQXR fs VEN 


&, A+ Se Fo ConA nce 
Glearees oF freedom = +A7A! 


= 8,266 





(NOLAN Of extor= (3, 265 ) (. BIA 2) 
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5 


5. John believes that as he increases his walking speed, his pulse rate will increase. He wants to model this 
relationship. John records his pulse rate, in beats per minute (bpm), while walking at each of seven different 
speeds, in miles per hour (mph). A scatterplot and regression output are shown below. 


140 
130 
120 
110 
100 

90 

80 


Pulse 


0 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 
Speed 


Regression Analysis: Pulse Versus Speed 


Coef SE Coef T 
63.457 2367 ; 26.58 
16.2809 0.8192 19.88 


R-Sq = 98.7% R-Sq (adj) = 98.5% 


SS MS F 

3763.2 31052 396.13 
47.6 9.5 

3810.9 





(a) Using the regression output, write the equation of the fitted regression line. 


. = GS.NLA +16. WOAY 


GO ON TO THE NEXT PAGE. 
-14- 


Copyright © 2005 by College Board. All rights reserved. 
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents). 


SB 


(b) Do your estimates of the slope and intercept parameters have meaningful interpretations in the context 
of this question? If so, provide interpretations in this context. If not, explain why not. 


We QChY GSS of We Goes aval wer Cent DBtawerthL ar€ Meaniha fol 


“The store oO \E-2BEGA wedhg That ay Tan's WANHND GREA WCTEUSES ‘oy 
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(c) John wants to provide a 98 percent confidence interval for the slope parameter in his final report. 
Compute the margin of error that John should use. Assume that conditions for inference are satisfied. 
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SO 


5. John believes that as he increases his walking speed, his pulse rate will increase. He wants to model this 
relationship. John records his pulse rate, in beats per minute (bpm), while walking at each of seven different 
speeds, in miles per hour (mph). A scatterplot and regression output are shown below. 


130 





0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 
Speed 


Regression Analysis: Pulse Versus Speed 


Predictor Coef SE Coef T 
Constant 63.457 2.387 26.58 
Speed 16.2809 0.8192 19.88 


S = 3.087 R-Sq = 98.7% R-Sq (adj) = 98.5% 
Analysis of Variance 
MS F 


3763.2 396.13 
9.5 





“tte 
(a) Using the regression output, write the equation of the fitted regression line. 


Predict PUSe, 2 63.477 + 16.2909 LSdee a) 


GO ON TO THE NEXT PAGE. 
-14- 


Copyright © 2005 by College Board. All rights reserved. 
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents). 
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(b) Do your estimates of the slope and intercept parameters have meaningful interpretations in the context 
of this question? If so, provide interpretations in this context. If not, explain why not. 


Yes, The, Sloke Parameter FULS You how Mock fre Pulse Tate imcveaseg ag S Peed wer eases 
The taterce? T Parmmete” +US Yon what the Pulse rate Is wethot she Sheed of While 


(c) John wants to provide a 98 percent confidence interval for the slope parameter in his final report. 
Compute the margin of error that John should use. Assume that conditions for inference are satisfied. 
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Part B 
Question 6 
Spend about 25 minutes on this part of the exam. 
Percent of Section IT grade—-25 


Directions: Show all your work. Indicate clearly the methods you use, because you will be graded on the 
correctness of your methods as well as on the accuracy of your results and explanation. 


6. Regulations require that product labels on containers of food that are available for sale to the public accurately 
state the amount of food in those containers. Specifically, if milk containers are labeled to have 128 fluid ounces 
and the mean number of fluid ounces of milk in the containers is at least 128, the milk processor is considered to 
be in compliance with the regulations. The filling machines can be set to the labeled amount. Variability in the - 
filling process causes the actual contents of milk containers to be normally distributed. A random sample of 12 
containers of milk was drawn from the milk processing line in a plant, and the amount of milk in each Container 
was recorded. — oo = 


(a) The sample mean and standard deviation of this sample of 12 containers of milk were 127.2 ounces and 
2.1 ounces, respectively. Is there sufficient evidence to conclude that the packaging plant is not in 
compliance with the regulations? Provide statistical justification for your answer. 


gh 0 pA ZI2 
X= \Dst. 2 “ | 2 i: 
S=3.\ Hat MS | 
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We am ieee ihdene feaxr SOME SCu Moan ek 
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COMEZ® VAS AG SIMO Fancom samp - 
b> =F = ae N28 2 ~|.21966 
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tne “P- VAI Of 0.1069. 
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OA 


Inspectors decide to study a particular filling machine within this plant further. For this machine, the amount 
| of milk in the containers has a mean of 128.0 fluid ounces and a standard deviation of 2.0 fluid ounces. 


(b) What is the probability that a randomly selected container filled by this machine contains at least 125 fluid 


ounces? = 
ous, 4 — (2! 
7 —_ \ = ~i s 


PC z 2-+5)= [. gaa 


(c) An inspector will randomly select 12 containers filled by this machine and record the amount of milk in 
each. What is the probability that the minimum (smallest amount of milk) recorded in the 12 containers 
will be at least 125 fluid ounces? (Note: In order for the minimum to be at least 125 fluid ounces, each of 
the 12 containers mist contain at least 125 fluid ounces.) 


GQ folloum 
ict xX be A Frand&™ YOMaA 5 


ar a = [12 (0292) ( \- 8%) 
POX = la) (12) CoO ) 


= (932)" -LA22 


An analyst wants to use simulation to investigate the sampling distribution of the minimum. This analyst 

randomly generates 150 samples, each consisting of 12 observations, from a normal distribution with mean 128 | 
and standard deviation 2 and finds the minimum for each sample. The 150 minimums (sorted from smallest to ° 

largest) are shown on the next page. ~ | 
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Sample 


Yo CO ™] ON CA fe to BO be 


Minimum 


121.45 
ZZ 
127253 
122.12 
122.75 
122.89 
1227.93 
122,99 
123.04 
123.08 
123.09 
123.10 
n753) 
123.34 
123.39 
123.40 
123.41 
123.41 
123.46 
123.49 
123.51 
123.57 
123,06 
123.59 
123.60 
123.66 
123.67 
jae 
123.75 
123.7) 
123.78 
123.84 
123,91 
123.93 
L2o95 
123.95 
123.98 
123.99 
124.05 
124.05 
124.06 
124.12 
124.14 
124.15 
124.16 
124.19 
124.23 
124.27 
124.28 
124.28 


Sample Minimum 


5] 
52 
53 
54 
55 
56 
57 
58 
a9 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
tp: 
73 
74 
ihe. 
76 
77 
78 
719 
80 
81 
82 
83 
4 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
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124.28 
124.29 
124.30 
124.31 
124.34 
124.36 
124.37 
124.37 
124.39 
124.39 
124.41 
124.44 
124.53 
124.53 
124.54 
124.55 
124.55 
124.55 
124.55 
124.58 
124.67 
124.69 
124.73 
124.77 
124.78 
124.78 
124.80 
124.80 
124.81 
124.85 
124.91 
124.92 
124.92 
124.96 
125.00 
125.01 
125.02 
125.02 
125.03 
125.04 
125.05 
125.07 
125.08 
125.09 
125.14 
125,18 
E2521 
125.21 
[2o.2e 
122) 
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Sample Minimum 


6 Ft 


101 125.25 
102 | Pac Ho 
103 125.36 
104 125.38 
105 125.40 
106 125.42 
107 125.48 
108 125.49 
109 125.50 
110 [23.52 
til 125.54 
112 125.56 
113 125.61 
114 125.67 
115 129.72 
116 125.76 
ae, }25.77 
118 125.78 
119 125.79 
120 125.84 
121 125.67 
122 125.87 
123 125.90 
124 125.90 
125 125.95 
126 129.93 
127 [25.93 
128 125.94 
129 125.98 
130 126.00 
131 126.03 
132 126.05 
18 126.05 
134 126.06 
135 126.09 
136 126.15 
137 126.15 
138 126.16 
139 126.19 
140 126.19 
14] 126.25 
142 126.26 
143 126.33 
144 126.35 
145 126.45 
146 126.50 
147 126:57 
148 126.62 
149 126.64 
150 126.95 
GO ON TO THE NEXT PAGE. 


6A 


(d) Use the simulation results to estimate the probability that was requested in part (c) and compare this estimate 
with the theoretical value you calculated. 


Afier sample 84, minimum 2 (26- 
Heacea number o€ samples CSTD MA ENUMVAYUS 
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expacteal prokabtitty. (theaciccal esttmode,) 


¥, 


END OF EXAMINATION 


THE FOLLOWING INSTRUCTIONS APPLY TO THE BACK COVER OF THE 
SECTION Il BOOKLET. 


e MAKE SURE YOU HAVE COMPLETED THE IDENTIFICATION 
INFORMATION AS REQUESTED ON THE BACK OF THE SECTION II 
BOOKLET. 


© CHECK TO SEE THAT YOUR AP NUMBER APPEARS IN THE BOX(ES) ON 
THE BACK COVER. 


@e MAKE SURE YOU HAVE USED THE SAME SET OF AP NUMBER LABELS 
ON ALL AP EXAMINATIONS YOU HAVE TAKEN THIS YEAR. 
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Part B 
Question 6 
Spend about 25 minutes on this part of the exam. 
Percent of Section II grade—25 


Directions: Show all your work. Indicate clearly the methods you use, because you will be graded on the 
correctness of your methods as well as on the accuracy of your results and explanation. 


6. Regulations require that product labels on containers of food that are available for sale to the public accurately 
state the amount of food in those containers. Specifically, if milk containers are labeled to have 128 fluid ounces 
and the mean number of fluid ounces of a in the containers is at least 128, the milk processor is considered to 
be in compliance with the regulations. The filling machines can be set to the labeled amount. Variability in the 
filling process causes the actual contents of milk containers to be normally distributed. A random sample of 12 
caieepmarrhae milk was drawn from the milk processing line in a plant, and the amount of milk in each container 
was recorded. | 


(a) The sample mean and standard deviation of this sample of 12 containers of milk were 127.2 ounces and 
2.1 ounces, respectively. Is there sufficient evidence to conclude that the packaging plant is not in 
compliance with the regulations? Provide statistical justification for your answer. 


Oe soaonole + restr Mean 6 SPS Y Coleirers at icdeparden* ~~ 
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CE 


Inspectors decide to study a particular filling machine within this plant further. For this machine, the amount 
of milk in the containers has a mean of 128.0 fluid ounces and a standard deviation of 2.0 fluid ounces. 


(b) What is the probability that a randomly selected container filled by this machine contains at least 125 fluid 
ounces? 
yah y NES zen 12? ) « P(z77! oe -13S2 


Ox 7I2S) = PCS 


PCx7 128) > .9332. 
nt 


(c) An inspector will randomly select 12 containers filled by this machine and record the amount of milk in 
each. What is the probability that the minimum (smallest amount of milk) recorded in the 12 containers 
will be at least 125 fluid ounces? (Note: In order for the minimum to be at least 125 fluid ounces, each of 
the 12 containers must contain at least 125 fluid ounces.) 


‘ 7 22° ; c _— . > 
Pan 2 oe D= PO > 12S) = (693382)! =/, 43021 7 


An analyst wants to use simulation to investigate the sampling distribution of the minimum. This analyst 
randomly generates 150 samples, each consisting of 12 observations, from a normal distribution with mean 128 
and standard deviation 2 and finds the minimum for each sample. The 150 minimums (sorted from smallest to 
largest) are shown on the next page. 
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Sample Minimum 


jonenks 
CO NO OO “2 ON GA Be Go bb 


— 
pamek, 


WU fe BS WWWWWWWWww NN NN YD DDE et ee ee 
SBSBRSRRGRSSTSSCSARAS SSL SBRRVRRREORRSCSCHSGIAREADHYD 


121.45 
122.51 
122-55 
122.72 
122.49 
122.89 
122.93 
122.99 
123.04 
123.08 
123.09 
123.10 
123.31 
123.34 
123.39 
123.40 
123.41 
123.41 
123.46 
123.49 
123.51 
123.51 
123.58 
123.59 
123.60 
123.66 
123.67 
125.12 
Ws af fn 
173.47 
123.78 
123.84 


123.91 


125.93 
123.95 
123.95 
123.98 
123.99 
124.05 
124.05 
124.06 
124.12 
124.14 
124.15 
124.16 
124.19 
124.23 
124.27 
124.28 
124.28 


Sample Minimum 
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124.28 
124.29 
124,30 
124.31 
124.34 
124.36 
124.37 
124.37 
124.39 
124.39 
124.41 
124.44 
124.53 
124.53 
124.54 
124.55 
124.55 


124.55 


124.55 
124.58 
124,67 
124.69 
124.73 
124.77 
124.78 
124.78 
124.80 
124.80 
124.81 
124.85 
124,91 
124.92 
124.92 
124.96 
125.00 
125.01 
129.02 
125.02 
125.03 
125.04 
125.05 
125.07 
125.08 
125.09 
125.14 
125.18 
125.2] 
125.21 
125.22 
125.25 
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Sample Minimum 


101] 125.20 
102 125.31 
103 125.36 
104 125.38 
105 125.40 
106 125.42 
107 125.48 
108 125.49 
109 125.50 
110 125.52 
ili 125.54 
112 125.56 
113 125.61 
114 125.67 
115 sat 2 
116 125.76 
117 125.77 
118 125.78 
119 125.79 
120 125.84 
121 125,87 
122 125.87 
123 125.90 
124 125.90 
125 125.93 
126 125.93 
IZ/ 125.93 
128 125.94 
129 125.98 
130 126.00 
131 126.03 
132 126.05 
133 126.05 
134 126.06 
135 126.09 
136 126.15 
137 126.15 
138 126.16 
139 126.19 
140 126.19 
141 126:25 
142 126.26 
143 126.33 
144 126.35 
145 126.45 
146 126.50 
147 126.57 
148 126.62 
149 126.64 
150 126.95 


OB 


GO ON TO THE NEXT PAGE. 


ae 


mK (d) Use the simulation results to estimate the probability that was requested in part (c) and compare this estimate 
with the theoretical value you calculated. 
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END OF EXAMINATION 


THE FOLLOWING INSTRUCTIONS APPLY TO THE BACK COVER OF THE 
SECTION Il BOOKLET. 


® MAKE SURE YOU HAVE COMPLETED THE IDENTIFICATION 
INFORMATION AS REQUESTED ON THE BACK OF THE SECTION Il 
BOOKLET. 


e CHECK TO SEE THAT YOUR AP NUMBER APPEARS IN THE BOX(ES) ON 
THE BACK COVER. 


e MAKE SURE YOU HAVE USED THE SAME SET OF AP NUMBER LABELS 
ON ALL AP EXAMINATIONS YOU HAVE TAKEN THIS YEAR. 


GO ON TO THE NEXT PAGE. 
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Part B 
Question 6 
Spend about 25 minutes on this part of the exam. 
Percent of Section IT grade—25 . 


Directions: Show all your work. Indicate clearly the methods you use, because you will be graded on the 
correctness of your methods as well as on the accuracy of your results and explanation. — 


6. Regulations require that product labels on containers of food that are available for sale to the public accurately 
state the amount of food in those containers. Specifically, if milk containers are labeled to have 128 fluid ounces 
and the mean number of fluid ounces of milk in the containers is at least 128, the milk processor 1s considered to 
be in compliance with the regulations. The filling machines can be set to the labeled amount. Variability in the 
filling process causes the actual contents of milk containers to be normally distributed. A random sample of 12 . 
containers of milk was drawn from the milk processing line in a plant, and the amount of milk in each container 
was recorded. 


(a) The sample mean and standard deviation of this sample of 12 containers of milk were 127.2 ounces and 


2.1 ounces, respectively. Is there sufficient evidence to conclude that the packaging plant is not in 
compliance with the regulations? Provide statistical justification for your answer. 


— Gah. TC teh. Ck = 0%) 
— Newally huvowTow 
—~ Ge D.\ OF = la—| 
ise Ue 2198, Par 
L144 : \Ax L\S. | 
+. ws bs ae 


2.\ — 


—————— 
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GO ON TO THE NEXT PAGE. 
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Of 


Inspectors decide to study a particular filling machine within this plant further. For this machine, the amount 
. of milk in the containers has a mean of 128.0 fluid ounces and a standard deviation of 2.0 fluid ounces. 


(b) What is the probability that a randomly selected container filled by this machine contains at least 125 fluid 
ounces? | 


PAX Zh) 
=a \H Vs 8 | = -(U 


“Le 


% 


R -Vdhae = Wennatedl (-lp00, -1.G)= 066 


7 


(c) An inspector will randomly select 12 containers filled by this machine and record the amount of milk in 
each. What is the probability that the minimum (smallest amount of milk) recorded in the 12 containers 
will be at least 125 fluid ounces? (Note: In order for the minimum to be at least 125 fluid ounces, each of 
the 12 containers must contain at least 125 fluid ounces.) 


POX 24) 
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NS 
An analyst wants to use simulation to investigate the sampling distri ution © kph minimum. This analyst 
randomly generates 150 samples, each consisting of 12 observations, from a normal distribution with mean 128 
and standard deviation 2 and finds the minimum for each sample. The 150 minimums (sorted from smallest to 
largest) are shown on the next page. 


GO ON TO THE NEXT PAGE. 
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Sample Minimum 


Woo NAaA BP WN 


121.45 
12251 
122.53 
P2272 
122.1) 
122.89 
122.95 
122.99 
123.04 
123.08 
123.09 
123.10 
123.51 
123.34 
123.39 


123.40 | 


123.41 
123.41 
123.46 
123.49 
123:51 
1235.5/ 
123.58 
123.59 
123.60 
123.66 
123.67 
123.72 
12370 
123.77 
123.78 
123.84 
123.91 
123,95 
123.95 
123.95 
123.98 
123.99 
124.05 
124.05 
124.06 
124.12 
124.14 
124.15 
124.16 
124.19 
124.23 
124.27 
124.28 
124.28 


Sample Minimum 


TS, 


51 124.28 
a2 124.29 
53 124.30 
54 124.31 
ep) 124.34 
56 124.36 
S/ 124.37 
58 124.37 
59 124.39 
60 124.39 
61 124.41 
62 124.44 
63 124.53 
64 124.53 
65 124.54 
66 124.55 
67 124.55 
68 124.55 
69 124.55 
70 124.58 
71 124.67 
72 124.69 
73 124.73 
74 124.77 
75 124.78 
76 124.78 
qd 124.80 
78 124.80 
79 124.81 
80 124.85 
81 124.91 
82 124.92 
83 124.92 
84 124.96 
85 125.00 
86 125.01 
87 125.02 
88 125.02 
89 125.03 
90 125.04 
91 125.05 
92 125.07 
93 125.08 
94 125.09 
95 125.14 
96 125.18 
97 125.21 
98 L252) 
99 125.22 
100 125.25 
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Sample Minimum 
101 125.25 
102 125,51 
103 125.36 
104 125.38 
105 125.40 
106 125.42 
107 125.48 
108 125.49 
109 125.50 
110 125.52 
111 125.54 
112 = 125.56 
113 125.61 
114 125.67 
115 125.72 
116 125.76 
117 129.77 
118 125.78 
119 125.79 
120 125.84 
121 125.87 
122 125.87 
123 125.90 
124 125.90 
125 125.93 
126 125.93 
127 125:93 
128 125.94 
129 125.98 
130 126.00 
131 126.03 
132 126.05 
133 126.05 
134 126.06 
135 126.09 
136 126.15 
137 126.15 
138 126.16 
139 126.19 
140 126.19 
141 126.25 
142 126.26 
143 126.33 
144 126.35 
145 126.45 
146 126.50 
147 126.57 
148 126.62 
149 126.64 
150 126.95 
GO ON TO THE NEXT PAGE. 


Ce 


(d) Use the simulation results to estimate the probability that was requested in part (c) and compare this estimate 
with the theoretical value you calculated. 
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END OF EXAMINATION 


THE FOLLOWING INSTRUCTIONS APPLY TO THE BACK COVER OF THE 
SECTION Il BOOKLET. 


e MAKE SURE YOU HAVE COMPLETED THE IDENTIFICATION 
INFORMATION AS REQUESTED ON THE BACK OF THE SECTION I 
BOOKLET. 


@ CHECK TO SEE THAT YOUR AP NUMBER APPEARS IN THE BOX(ES) ON 
THE BACK COVER. 


e MAKE SURE YOU HAVE USED THE SAME SET OF AP NUMBER LABELS 
ON ALL AP EXAMINATIONS YOU HAVE TAKEN THIS YEAR. 


GO ON TO THE NEXT PAGE. 
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